In recent years, English local authorities have been forced to make significant cuts to devolved expenditure. In this paper, we examine the impact of reductions in local expenditure on one particular public health target: reducing rates of teen pregnancy. Contrary to predictions made at the time of the cuts, panel data estimates provide no evidence that areas which reduced expenditure the most have experienced relative increases in teenage pregnancy rates. Rather, expenditure cuts are associated with small reductions in teen pregnancy rates, a result which is robust to a number of alternative specifications and tests for causality. Underlying socio-economic factors such as education outcomes and alcohol consumption are found to be significant predictors of teen pregnancy.
Introduction
The global financial crisis in 2008 led many countries to introduce fiscal tightening in an attempt to reduce public expenditure and borrowing. In England and Wales, a major source of expenditure cuts has been through reductions of grants disbursed by central government to local authorities. Given heavy restrictions on local tax-raising powers, this has forced public sector managers to implement significant cuts in discretionary expenditures at a local level (Hood and Dixon, 2013) . As budget changes are potentially exogenous, the recent programme of cuts provides useful opportunities to evaluate the effectiveness of local authority spending. In this paper, we examine the impact of cuts to expenditure on a discrete area of targeted policy -reducing rates of teen pregnancies.
High teen pregnancy rates have long been seen as a significant public health concern in many countries. This is particularly the case in the U.K. which has historically had one of the highest teen pregnancy rates in the world. To tackle the problem, in 1999, the U.K.
Government launched the Teenage Pregnancy Strategy, a major programme aimed at halving the under-18 conception rate in England by the year 2010 (Social Exclusion Unit, 1999) . 1 The cornerstones of the Strategy were expanding access to sexual and relationships education (SRE) and contraception for young people.
On the face of it these measures might be expected to lower pregnancy rates. Teenage pregnancy services have been a significant victim of recent local government expenditure cuts (Billingsley, 2011) and it has been suggested that this would have an adverse effect on teenage pregnancy rates. However, the empirical and theoretical literature suggests a more ambiguous prognosis. For instance, increased contraceptive use has been argued to increase sexual-risk taking (Akerlof et al, 1996; Paton, 2002) while a recent Cochrane review of trials of school-based SRE concluded that "there was no apparent effect on the number of young women who were pregnant" (Mason-Jones et al, 2016, p.24) . Our aim in this paper is to assess what effect cuts to Teenage Pregnancy Strategy-related services have actually had on teenage pregnancy rates.
In the next section, we provide some background for our analysis. In section 3, we describe our empirical methodology. In section 4, we introduce and describe the data. In section 5, we report results of formal panel-data regressions which seek to identify the statistical relationship between expenditure cuts and changes in teenage pregnancy rates. In the final section we discuss the strengths and weaknesses of our approach and the implications of our findings for policy.
Background
During the 1980s and 1990s, teenage pregnancy rates in the U.K. were double those typical in western Europe (Social Exclusion Unit, 1999) . This problem drew attention from commentators and policy makers and led to several policy interventions, culminating in the 1999 English Teenage Pregnancy Strategy. Although the Strategy involved some coordination and expenditure at a national level (e.g. an awareness campaign carried out in national media), delivery of the programme was largely devolved to Tier One local authorities. Central government allocated substantial sums of money to local authorities in the form of annual Local Implementation Grants (LIGs), the size of which was determined mainly by the number of female teenagers in each area, local costs and pre-existing under-18 conception rates. 2 Public health managers within local authorities were given considerable discretion as to how these grants were spent, though guidance was provided by a central Teenage Pregnancy Unit. Local authorities also had the ability to supplement the LIGs with funds from other sources, if they so wished.
Strategy measures focussed on increasing young people's access both to sex and relationships education (SRE) and to contraception, though specific activity varied considerably across local authorities. Typical projects included employing local teenage pregnancy co-ordinators, opening sexual health clinics aimed at young people (often based in schools), and increasing SRE provision within schools. In some cases, local authorities also provided emergency contraception to young people without prescription, free of charge at pharmacies (Girma and Paton, 2014) . Legal rights to reproductive health services were not affected by the Strategy. For example, abortions continued to be available free of charge to teenagers via the National Health Service (NHS).
Local Implementation Grants were initially ring-fenced for teenage-pregnancy related expenditure, but in 2008-09 this restriction was removed completely. 3 LIGs were last disbursed in 2010-11, and after this point, funding for public health projects was included in a general grant from central government. These changes coincided with the financial crash of 2008 and with the fiscal tightening which followed. Post-crash, total grants to local authorities from central Government were reduced significantly, forcing areas to review and cut expenditure. As a result, most local authorities implemented cuts to teenage pregnancyrelated projects, but there was considerable heterogeneity in timing and extent. For example, in 2011, the Guardian newspaper reported that many local areas (e.g. Walsall and Tameside) had removed their teenage pregnancy co-ordinators whilst others (e.g. Liverpool and Enfield) had retained them. 4 The newspaper also highlighted that many areas were cutting sexual health advice services (including no-cost contraception) amongst other projects. Typically, this has meant fewer places where teenagers can access contraception, reduced opening hours, less advertising of services, less training for sex education in schools, and so on.
Politicians (Education Select Committee, 2010) and organisations working in the field (Billingsley, 2011) put out strong warnings that these cuts would put at risk the reductions in teenage pregnancy rates that had already been observed. The argument was that cuts to services would increase the barriers to teens accessing birth control which would consequently increase the number of teenage pregnancies.
Despite these warnings, there are arguments to suggest that the impact on teenage pregnancy may not be as bad as feared and, indeed, that spending on projects relating to teenage pregnancy may even be counterproductive. Wiggins et al. (2009) evaluate a comprehensive intervention given to at-risk youths (including SRE and access to family planning services) which is typical of measures recommended by the Teenage Pregnancy Unit. They find significantly higher rates of teenage pregnancy among the intervention group, as well as increases in a number of other adverse outcomes. This adds to a large body of research showing that teenage pregnancy initiatives may have unintended effects on risky sexual behaviour which could counteract or even outweigh positive effects on teenage pregnancy. For example, a number of authors have found that access to birth control has only limited effects on most measures of fertility (Raymond, Trussell and Polis, 2007; Girma and Paton, 2006; 2011; Paton, 2002) . Akerlof et al. (1996) provide a theoretical basis for these outcomes: easier access to birth control may induce increases in sexual activity amongst teens. As methods of birth control are not fail-safe (particularly so amongst teenagers [Kost et al, 2008] ), the net impact on pregnancy rates is ambiguous. Put simply, birth control will reduce the risk of pregnancy for sex acts which would have occurred anyway but may increase the risk amongst teenagers who are induced by easier access to birth control either to start having sex or to have sex more frequently. This has been tested empirically by numerous authors using data on sexually transmitted infections (infections should rise if risk-taking is greater). Girma and Paton (2011) , Durrance (2013) and Mulligan (2016) all find that greater access to emergency birth control can induce an increase in sexual risk taking. Similarly, Klick and Stratmann (2007; 2003) and Klick, Neelson and Stratmann (2012) find that access to abortion is associated with an increase in risk taking behaviour, although Coleman, Dee and Joyce (2013) argue that these effects are partly due to misreporting of data.
Depending on the extent to which unintended consequences occur in practice, it is possible that spending by local public sector managers aimed at reducing teenage pregnancy will not achieve the desired outcome. Further, enforced spending cuts may provide managers with the opportunity to exercise more discretion to fund only those projects which have a stronger evidence base. Thus it is possible that, at the margin, spending cuts do not have the effect of increasing teenage pregnancy rates and, if unintended behavioural effects are very strong, could even lead to decreases in rates.
Research on the links between general expenditure (rather than specific measures) and teenage pregnancy outcomes is very limited. Wilkinson et al. (2006) find that local authority expenditure in the early years of the Teenage Pregnancy Strategy was significantly correlated with reductions in conception rates, although improvements in specific measures such as contraception services and sex education were not found to have reduced conception rates at a local level. Blackman (2013) finds that local "dedicated planning to tackle high teenage conception rates appears to make things worse" (p.69), though does not use data on monetary expenditure.
More recently, Wellings et al. (2016) find that the total amount received in LIGs over the Teenage Pregnancy Strategy is associated with overall reductions in conceptions rates over that period. However, inferring a causal relationship from this is difficult. In the first place, LIGs were largely determined by pre-existing teenage pregnancy rates and, given the very limited of variation over time in LIGs, it is impossible to separate out a causal effect of funding from other contemporaneous changes. Second, the size of the grant received does not equate to actual expenditure, particularly in the latter period of the Strategy when grants were no longer ring-fenced. A key advantage of the approach in this paper is the use of local data on actual spending related to teenage pregnancy. Differences in the level and timing of cuts to this expenditure provides a key source of identification of a causal effect of spending on pregnancy rates. and more dramatically thereafter. Between 1999, when the Teenage Pregnancy Strategy was announced, and 2007 (just before the financial crash) there was very little change in conception or abortion rates. From 2008, both series show a rapid downward trend, one that has continued even as expenditure has also decreased. Table 1a provides some more information on the local expenditure series available between 2009 and 2014. Comparing the 2012-2014 period with 2009-11, 10% of authorities reported increased spending on teenage pregnancy projects. The rest all reported decreased spending, many by a very significant amount. For example, over 30% of authorities reported cuts to expenditure in excess of 80%.
The absence of any obvious correlation at an aggregate level does not necessarily mean that cuts in expenditure had no impact on pregnancy rates. It is well-established that socio-economic factors such as poverty, economic welfare and education are significant determinants of teen conception rates and changes in such factors may be obscuring the impact of expenditure cuts at an aggregate level. For example, Girma and Paton (2014) demonstrate that improvements in school education played a significant role in the fall in conception rates up to 2012, whilst Blackman (2013) highlights the important role of race.
For this reason, the question we address in this paper is whether those local authorities which made bigger cuts to expenditure on sexual health services have experienced bigger or smaller reductions in conception rates. To this end, the main focus of the paper is an empirical analysis of the effect of cuts in local teenage pregnancy expenditure on teenage pregnancy rates. By using annual data across a range of local authorities, we are able to control for factors which are time-specific and for factors which are specific to local authorities. We are also able to control for a range of other factors, such as education and race, which may obscure the relationship between expenditure and conceptions.
Empirical Methodology
The basic empirical approach we adopt is to estimate a fixed effects panel data regression model. Our starting point is the following equation:
where and represent an index of local authorities and years, respectively. In equation (1), is under-18 conception (or abortion or birth) rate, is the annual expenditure per 15-17 year old female spent by the local authority on teenage pregnancy services, is a vector of socioeconomic control variables, is a vector of year dummies, is a vector of local authority specific dummies, and is the residual error term. We estimate standard errors robust to heteroskedasticity, to contemporaneous cross-sectional correlation and to first order serial correlation.
The incorporation of year and area dummies controls for average unobservable effects on conception rates which are specific to particular years and to particular local authorities, respectively. This approach helps to get around two problems which might induce a spurious correlation between expenditure and pregnancy rates. First, we may observe 'policy endogeneity' in that areas with high conception rates are precisely those in which expenditure on teenage pregnancy are also likely to be higher. Second, both expenditure and pregnancy rates may move in the same direction due to other, unobservable factors. In the fixed effects model presented in equation (1), a negative value for β1 would indicate that local authorities which cut expenditure more (less) than average saw smaller (bigger) decreases in teenage pregnancy than average.
Even in the fixed effects model, we need to be careful before attributing causality to any significant correlation found between expenditure and conception rates. In the first place, there may be unobservable trends over time which are correlated with both variables and which induce spurious correlation. To deal with this possibility, we estimate models using conceptions (and births and abortions) to older women as a control. We estimate the effect of expenditure on under-18 conceptions, relative to any effect on the older group. If expenditure has a causal effect on conceptions, we would expect to observe a significant effect for under-18s but not for older women. We use women aged over 24 as our control group to avoid contamination from any teenage pregnancy services which are also open to young people over the age of 18. 5 To estimate the relative effects, we run regressions on pooled data with under-18 and older conception rates for each local authority. These regressions include fixed effects for year/age group and authority/age group combinations.
Each variable is included along with an interaction effect with a dummy variable for under-18s. The coefficients on the interaction terms provide us with the relative effects for each variable.
Next, we consider the possibility of policy endogeneity in which decisions over funding cuts are correlated with factors which also affect changes in teenage conceptions.
Decisions over the extent and timing of cuts to teenage pregnancy services are likely to have been affected by the level of overall cuts imposed by central Government (which varied by local authority), the perceived effectiveness of such expenditure and the political will of local elected representatives who eventually sign off on expenditure. For any effect of expenditure to be causal, these factors must have been largely exogenous to conception rates. We conduct a number of experiments to explore this.
Taking first the influence of party politics, Labour and Liberal Democrat controlled authorities are generally thought less likely to target teen contraceptive services for cuts than Conservative controlled authorities. 6 If the former are areas which for other reasons are less likely to experience cuts in conception rates, then this could induce a spurious correlation between spending and conceptions. We allow for this firstly by including dummy variables for political control in our set of control variables. More substantively, we also test whether the coefficient on expenditure varies according the controlling party.
The perceived effectiveness of spending is likely to be influenced by recent trends in conception rates. For example, it may be harder to defend against cuts to teen pregnancy projects in areas in which conception rates have already decreased significantly. If conception rates were in fact decreasing due to some unconnected but ongoing trend (related to, say, demographic change), we might observe a relatively big cut in spending but also continued decreases in conception rates. To control for this, we test whether the expenditure coefficient varies for areas with relatively big recent decreases in conception rates. We also test whether the effect of expenditure varies for authorities whose LIG budgets were released from the ring-fence only from the start of our sample on the grounds that the ring-fence may have caused a differential pattern of spending cuts.
More formally, we also estimate an instrumental variable regression in which Exp is treated as endogenous and instrumented by a number of potential instruments, including total budget size.
A further issue with equation (1) is the possibility of teenagers accessing services across local authority borders. Our estimates implicitly assume that the effect of teenage pregnancy service expenditures is confined to pregnancy rates within the local authority. This is unlikely if the cost of travel between local authorities is low. As a result, cuts in one local authority may appear to have little effect on pregnancy rates if young people can avail themselves of teenage pregnancy services in neighbouring authorities (Girma and Paton, 2014) . We consider several experiments aimed at dealing with this issue.
We also undertake a series of additional robustness checks including: using dynamic panel data estimates which include the lagged dependent variable (suitably instrumented using the Arellano and Bond, 1991, approach) to control for the possibility that expenditure decisions are affected by previous years' conception rates; including area-or region-specific trends; allowing for multi-way clustering as suggested by Cameron, Gelbach and Miller (2010); using a log-linear specification; and using the random effects estimator which utilises variation across local authorities to identify results and, hence, may be better able to pick up effects of co-variates which have limited 'within' variation.
Data
Our The data are available by calendar year. Conceptions rates are calculated as the number of pregnancies ending in live birth, stillbirth or induced abortion occurring to any woman aged under-18 at conception per 1,000 women aged 15-17 and resident in each local authority. As there is an interval between a conception and its recorded outcome, data on 7 The number of unrecorded illegal abortions can be assumed to be negligible as abortions are provided confidentially and for free to under-18s in England. However, one limitation with the data is that miscarriages are excluded and there is some evidence that economic conditions can affect the rate of miscarriages (Bejenariu and Mitrut, 2013) . We rely on our socio-economic measures such as unemployment to control for such effects. conception rates are only released about fourteen months after the end of a calendar year.
This means that our sample ends in 2014. Given this, we have 894 observations. We also estimate models using under-18 abortion and birth rates as the outcome variables (U18AR and U18BR). As Paton (2002) notes, abortion rates can be considered a good proxy for the overall rate of unintended pregnancies as it is assumed that the majority of planned teenage pregnancies will lead to birth. Given a major focus of the Teenage Pregnancy Strategy was on reducing the likelihood of accidental pregnancy through advocating better contraceptive use, it is thus interesting to see the effect teenage pregnancy A particular issue with the expenditure data is the presence of a significant number of zero entries. Although the Department for Education confirm that zeros represent true reported values 9 , we do not exclude the possibility that some instances represent accounting errors. For this reason, we include in our robustness checks alternative ways of dealing with zero values. The first is to omit any observations in which expenditure is recorded as zero in one year but followed by a positive value in a subsequent year. The rationale for this approach is that spending cuts over time mean zero reported values in later years are much more likely to indicate true zero expenditure rather than accounting errors. The second approach is to omit local authorities with any zero expenditure values over the period. It is possible that re-coding true zeros to missing will bias the results in a different way to including zeros which are actually reporting errors. Reassuringly, however, the key results are robust to these alternative approaches.
To control for possible confounding trends, we add a number of variables as controls in the econometric models. In the first place, we include local authority expenditure on all services aimed at young people (Exp young) and also specifically on alcohol and drug prevention services for young people (Exp alcohol). The former will help to control for, amongst other things, access to youth workers and recreational services which have been found to be correlated with teenage pregnancy (Akers, Muhammed and Corbie-Smith, 2011) .
The latter represents another area of public health which has also been targeted for cuts over the period under study. Including these measures may control for any spurious correlation between teenage pregnancy expenditure and conceptions which is, in reality, due to more general cuts caused by the economic downturn.
Trends in education, ethnic change, and alcohol consumption may explain changes in pregnancy rates. We measure education using a three-year rolling average of the percentage of students in the final year at state-funded secondary schools who attain five GCSEs at grade A*-C including English and Mathematics (GCSE). This is one of the main indicators of performance at the standard school leaving age in England. We use three-year rolling averages to minimise random fluctuation and better represent attainment by 17 year olds, who make up approximately 50% of all under-18 pregnancies.
As census-based data on race or ethnicity are not available on any consistent basis, we measure the ethnic make-up in a local authority using the percentage of final year pupils at state-funded secondary schools who are classified as non-white (Non-White).
Although alcohol is known to be a significant factor affecting adolescent decisionmaking, there is little or no data available at the local authority level which directly measures alcohol consumption by teenagers. Here we include data from Public Health England on the rate of under-18s admitted to hospital with alcohol-specific conditions per 100,000 of the resident population (Alcohol). This should act as a proxy for types of alcohol consumptionin particular, binge drinkingthat are particularly associated with reduced inhibitions and myopic behaviour and which are likely to be behind any association between alcohol and teenage pregnancy (Rashad and Kaestner 2004) .
In line with findings from other papers studying the determinants of teenage pregnancy, we also include in the econometric models controls for the level of deprivation, unemployment rate and the level of family breakdown. 10 We measure unemployment as the proportion of 16-24-year old females who claim joblessness-related benefits (Fem Unem).
We measure family breakdown as the annual proportion of children of each age group in local authority care (Care). To measure deprivation we use the percentage of children in a Local Authority who live in workless households (Workless). Children placed in care are known to be at an enhanced risk of adverse outcomes in a range of areas including low educational attainment, substance abuse, early sexual activity and teenage pregnancy (Social Exclusion Unit, 1999) . High levels of youth unemployment and deprivation imply fewer workplace and other opportunities and, consequently, a lower opportunity cost of early pregnancy. As a result, we expect all three measures to be positively related to teenage pregnancy rates.
Our key results are robust to the inclusion or omission of the various control variables. Summary statistics for each variable are presented in Table 1b . Full descriptions and sources are in the Appendix.
Empirical Results

Baseline Estimates
The baseline panel fixed effects data results are reported in Table 2 . In the first half of the table, we report estimates of the effect of expenditure on each of conception, abortion and birth rates for under-18s. The coefficients on expenditure are positive and statistically significant. In other words, controlling for a range of other factors including unobservable area and time effects, areas which have put in place relatively large cuts to teenage pregnancy expenditure have seen significantly bigger reductions in teenage conception, abortion and birth rates. The estimated effects are fairly small. Evaluated at the mean of the variables, a 10% reduction in expenditure is associated with a decrease of about 0.25% in the under-18 conception rate, 0.19% in the abortion rate and 0.32% in the birth rate. 11
Looking at the control variables, better school performance is associated with significantly lower conception, birth and abortion rates amongst teens. In contrast to local authority spending, the estimated impact is large: a 10% improvement in GCSE results (again estimated at the mean) is associated with a reduction in the under-18 conception rate of over 10%. As expected, higher alcohol use is generally associated with higher conception rates.
Regarding political control, Labour controlled authorities appear to have (conditionally) lower conception and abortion rates than authorities controlled by other parties, although this result is not especially robust to some of the alternative specifications.
In the second half of the table, we report the effect on conception, abortion and birth rates for under-18s relative to older women (over-24). This specification helps to controls for unobservable trends which may lead to a spurious correlation between expenditure and teenage pregnancy. There are changes in statistical significance of some of the control variables (e.g. GCSE). However, the estimated effects on conceptions, abortions and births continue to be strongly statistically significant and, indeed, a little larger in magnitude than in the baseline model.
Robustness Checks
We go on to consider a series of alternative specifications to the fixed effects model to explore how robust are the estimates of the effect of expenditure cuts. For reasons of space, we only report the results for conceptions and for the under-18s only model. In general, the results of the robustness checks are very similar for abortions and births and for the pooled model. 12
In Table 3 , we report on attempts to control for policy endogeneity as discussed in section 3 above. In column (1), we include interaction terms between expenditure and the political party in control of the local authority. In column (2), we allow for a differential effect between areas which have seen relatively large and small decreases in conception rates (compared with the median) in the years prior to the start of our sample. In column (3), we allow for different effects for those areas where teenage pregnancy spending was ring-fenced until 2008-9. In each experiment, the baseline effect of expenditure on conception rates holds up well. Expenditure has a positive effect on conceptions whichever political party is in control. The effect is strongly significant for Conservatives, Liberal Democrat and Labour controlled authorities. The effect is estimated to be insignificant for authorities with no overall control, though we should note this estimate is based on relatively few such cases.
We find no significant difference in the effect of expenditure for areas which have seen a relatively large prior decrease in under-18 conceptions or for those areas whose expenditure was ring-fenced up to 2007-8.
In the final column (4) of Table 3 , we report instrumental variable GMM estimates in which expenditure is treated as endogenous to conceptions. We use as instruments previous changes in conception rates, total expenditure on all services by the local authority and the proportion in the population aged over-65. The rationale for using previous changes in conceptions is that areas which have already achieved large reductions in teenage pregnancy may be more prepared subsequently to cut expenditure. The proportion of older people in the population is included as a significant proportion of statutory local authority spending is related to care of the elderly. Relative increases in the elderly population are likely to put additional pressure on discretionary areas of expenditure such as on teenage pregnancy.
Similarly, total expenditure identifies local authorities with bigger external constraints (typically imposed by central government) on all spending and, as such, is likely to be an exogenous determinant of teenage pregnancy expenditure.
In this regression, the coefficient on expenditure remains positive and strongly statistically significant. Diagnostic tests suggest that the model is identified and the instruments valid, albeit somewhat weak. The Anderson-Rubin test, which is robust to the presence of weak instruments, continues to indicate that the coefficient on expenditure is statistically significant. 13
In Table 4 , we further explore the influence of unobserved trend effects on our key relationship. We do this in two ways. In column (1), we include separate linear trends for each local authority. This approach controls for changes in other factors over time which are specific to a local authority but which could help to explain changes in conception rates. An example might be a trend for inward migration by particular groups characterised with higher or lower teenage pregnancy rates and which affects some areas more than others. With this specification, the coefficient on expenditure, although still positive, is only significant at the 10% level. The implied magnitude of the effect is also lower than in the baseline, with a 10% reduction expenditure now estimated to cut conception rates by only 0.09%.
Because this approach involves including 149 different trend terms, it is very demanding of the data and tests may suffer from low statistical power. For this reason, in column (2) we report a less-demanding approach which includes region-specific trends.
Another way of controlling for pre-existing trends is to include lagged changes in conception rates as an additional regressor and we report this approach in column (3). The variable measuring lagged changes (Pre-trend) is defined as the three-year moving average of lagged growth rates in teen conceptions where the most recent period (t-1) is given a weight of 1/2 with periods t-2 and t-3 having weights of 1/3 and 1/6 respectively. In each of these alternative specifications the coefficient on expenditure is very similar to that in the baseline model.
In column (4), we report dynamic panel data estimates which incorporate a lagged dependent variable to control for dynamic effects of variables on pregnancy rates. We employ the Arellano and Bond (1991) estimator which treats the lagged dependent variable as endogenous. The size of the estimated effect of expenditure on pregnancy rates is very similar to that in the baseline models and still strongly significant.
We further explore dynamics by including both the lag and lead of expenditure.
These results are reported in column (5) of Table 4 . All three coefficients are positive but only the coefficient on current expenditure is statistically significant.
In the final column of Table 4 , we use standard errors which allow for multiway clustering (in this case, by both year and area) as suggested by Cameron, Gelbach and Miller (2010) . The results are very similar to the baseline, although the statistical significance of the expenditure variable is somewhat reduced.
Further robustness checks are reported in Table 5 . The first two columns report results with alternative approaches to dealing with authorities reporting zero expenditure as discussed above. The estimated effect of expenditure in these specifications is stronger than in the baseline, although the implied size of the effects continues to be relatively small. For example, when we only include authorities reporting no zero expenditures, a 10% reduction in expenditure is associated with a cut in the under-18 conception rate of 0.52%.
An important possibility to consider is that adolescents resident in one local authority may be accessing services in a neighbouring borough. In this case, the impact of cuts on residents is likely to be muted. We can think of this as a measurement error problem for our expenditure variable and, if the problem is significant, our estimates may be biased. We explore the importance of this issue in two ways. First (Table 5 , column (3)), we adjust the expenditure variable using the number of young people in each area attending secondary schools in another authority to control for ease of access to cross-border services. 14 Second (Table 5 , column (4)), we exploit new data which reports the percentage of teenage family planning clinic users in each local authority who are not residents of that area. We exclude any local authority in which this percentage is greater than 30%. In each case, the coefficient on expenditure is somewhat larger than in the baseline model and still strongly significant.
In Table 5 , column (5), we report a log-linear specification which produces very similar results to the linear model. Finally, in column (6) we report random effects estimates.
The lack of statistical significance for some of the socio-economic variables in the fixed effects models is not surprising given the limited variation within local authorities over time reported in Table 1b . Using the random effects estimator allows variation in factors across local authorities to identify the estimates. As a result, statistical tests are likely to be more powerful (in the sense of being more likely to pick up true effects as significant), albeit at the risk of inducing bias into the estimates due to not controlling for unobservable local authority-fixed effects. More of the co-variates now have coefficients which are statistically significant and of the expected signs, whilst the coefficient on expenditure is still positive and strongly significant. 15 Hence, the random effects results give us some reassurance that the model is reasonably specified.
Taken together, the various experiments suggest that the baseline results are robust to a range of different samples, econometric approaches and specifications. In every case, reductions in expenditure on teenage pregnancy services are associated with reductions in teenage pregnancies. In the vast majority of specifications, the estimated effect is strongly statistically significant.
Discussion and concluding remarks
The results in this paper suggest that, in contrast to predictions by politicians and organisations working in the field, local areas which imposed bigger cuts to projects aimed at 14 Specifically, we set expenditure on residents of a given local authority equal to the sum of expenditure by each local authority weighted by the proportion of pupils they comprise in each local authority (i.e. proportion of pupils in local authority B from local authority A). This should proxy well for cross-border access of services as many Teenage Pregnancy Strategy projects were delivered in schools and catchment areas for secondary schools in England can cross local authority boundaries. 15 One apparent anomaly is that female unemployment is estimated to have a negative (albeit insignificant) impact in the fixed effects model but significantly positive one in the random effects model. The difference can be reconciled by noting that the fixed effects model is driven by changes in unemployment over time whilst the random effect model is driven also by average differences in unemployment across local authorities. So the latter result reflects the fact that more deprived areas tend to have relatively high teenage pregnancy rates whilst the former reflects that, a marginal increase in the unemployment rate in any area reduces the resources available to spend on children and, hence, reduces the number of births. reducing teenage pregnancy have, on average, experienced faster decreases in teenage pregnancy rates.
These findings need to be interpreted cautiously. In the first place, although the effects are statistically significant, the estimated magnitude of the impact on conception rates is small. Further, it should be noted that our empirical approach estimates the marginal effect of changes in funding to services which are co-ordinated and targeted at teenagers. If funding cuts are implemented in an efficient manner, then the least effective projects should be cut first. It may still be the case, for example, that if all funding for sexual health services were cut, this would cause teen pregnancy rates to increase. Moreover, our analysis does not directly test the effect of cuts to more general services (e.g. those provided by General Practitioners) which are also available to teenagers.
That said, the results here are consistent with previous work suggesting that changes to service access can induce behaviour change amongst at least some teens. To the extent that more difficult access to contraception caused a reduction in sexual risk taking, this may have alleviated any adverse effects of spending cuts. Another, perhaps complementary explanation is that reduced public subsidies for adolescent services may have led to a switch to alternative services, whether publicly or privately funded. 16 In any case, our results suggest that public sector managers facing budgetary pressures need to consider the possibility that behavioural consequences induced by budget cuts have the potential to ameliorate some or all of the direct negative consequences of the cuts.
The panel data approach used in this research has several benefits. Most importantly it allows us to control for time-specific and area-specific effects. An area which is characterised by relatively high rates of teenage pregnancy may wish to spend more money in trying to alleviate the problem. In this event, a cross-sectional analysis would be likely to report a spurious positive correlation between spending and pregnancy rates. By controlling for area-specific effects, we focus specifically on whether relatively large cuts in expenditure are associated with smaller or larger decreases in pregnancy rates. However, this does not entirely solve potential problems of endogeneity. For example, areas in which pregnancy rates are already decreasing, may be more likely to choose to re-allocate spending to other projects. Similarly, decisions over funding cuts might be determined by factors such as political control which also effect pregnancy rates. The fact that our results are robust to alternative specifications which control for political control, for pre-existing trends in pregnancy rates and which treat spending outcomes as endogenous gives some reassurance on these points and suggests that, at the margin, local expenditure cuts may have contributed to the continued fall in teenage pregnancy rates. At the very least, our results provide no evidence that cuts in expenditure to date have led to increases in teenage pregnancy rates.
Another caveat to our results is that the dynamics of the effects of spending cuts are difficult to model and that adverse effects of cuts may only be felt in the longer term.
However, against this, Arcidiacono et al. (2012) find evidence that contraceptive access is less likely to reduce unwanted pregnancy rates in the long run than the short run due to the differential impact on those who are already in a sexual relationships (who are more likely to carry on engaging in sexual activity but without using contraception) compared to those who
are not yet in sexual relationships and who are less likely to make a future transition to sexual activity when contraceptive access is more difficult. A fuller analysis of the long run effects of cuts on teenage pregnancy will be an important task for future research as more data become available.
It is also unclear to what extent the finding that cuts in public expenditure can be achieved without adversely affecting measures of social wellbeing can be generalised.
Contrasting evidence is found by Loopstra et al. (2016) who conclude that cuts to local authority expenditure have contributed to an increase in homelessness. The beneficial effects of cuts revealed in our paper may be due to the particular circumstances and decision-making process surrounding teenage fertility. Exploring whether there are more general lessons to be learnt will be a useful exercise for future research. programme in England: prospective matched comparison study ', BMJ, 339 (July) b2534.
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